Abstract: A bradykinin-potentiating peptide (BPP) from Amazon Bothrops atrox venom with m/z 1384.7386 was identified and characterized by collision induced dissociation (CID) using an ESI-MS/MS spectra obtained in positive ion mode on a hybrid Qq-oaTOF mass spectrometer, Xevo G2 QTof MS (Waters, Manchester, UK). De novo peptide sequence analysis of the CID fragmentation spectra showed the amino acid sequence ZKWPRPGPEIPP, with a pyroglutamic acid and theoretical monoisotopic m/z 1384.7378, which is similar to experimental data, showing a mass accuracy of 0.6 ppm. The peptide is homologous to other BPP from Bothrops moojeni and was named as BPP-BAX12.
Introduction
Snake venoms have been recognized as an extensible source of bioactive peptides with potential biotechnological applications in medicine [1] . Due to their high degree of target specificity, venom toxins have been increasingly used as lead compounds in the development of drug prototypes [2] . One of the most successful examples has been Captopril ® , an antihypertensive drug based on a bradykinin-potentiating peptide (BPP) isolated from Brazilian Bothropoides (Bothrops) jararaca venom [3, 4] . The BPP family comprises a class of angiotensin-I converting enzyme (ACE) inhibitors with different lengths (5 to 14 amino acid residues) found in venoms produced by snakes, scorpions, spiders and amphibians [5] . Generally, BPPs have a conserved N-terminal pyroglutamate residue (Z) and two consecutive proline residues at the C-terminal region [6, 7] . This work describes the identification and characterization of a new BPP from Amazon Bothrops atrox snake venom.
Materials and Methods

Venom
Bothrops atrox specimens collected around the city of Porto Velho, State of Rondônia, Brazil were kept at Fiocruz Rondônia bioterium in order to be used for venom production under authorization emitted by IBAMA (licence number 27131-1) and CGEN (licence number 010627/2011-1). The crude venom was dehydrated and stored at a temperature of −20 °C in the Amazon Venom Bank at CEBio.
Peptide Isolation
The purification of BPP-BAX12 was performed using 50 mg of crude venom, which was divided fractioned into two fractions on a size exclusion chromatography column using a Superdex peptide-10/300GL column (GE Healthcare) equilibrated with 50 mmol/L Tris-HCl buffer (pH 7.4) and carried out at a flow rate of 0.5 mL/min. The second fraction produced, which was related to peptides, was re-chromatographed under the same conditions resulting in eight fractions. The fourth fraction (37-43 min) was then lyophilized and stored for MS/MS analysis.
MS Parameters and Data Acquisition
ESI-MS spectra were obtained in positive ion mode on a hybrid Qq-oaTOF mass spectrometer-Xevo G2 QTof MS (Waters, Manchester, UK). Typical ESI-MS conditions were done in positive mode as follow: source temperature 80 °C, capillary voltage 2.8 kV, and cone voltage 35 V, resolution mode with an analogic-to-digital converter (ADC) mode, detector at 2825 V previously adjusted with leukine enkephalin (Leu-Enk) solution at 2 ng/μL. The instrument was automatically calibrated with sodium iodide solution through IntelliStart, integral part of MassLynx 4.1v acquisition software (Waters, Manchester, UK). Samples were re-suspended in a vial with a solution containing equal parts of water and methanol with 0.1% of formic acid for each sample to proceed ESI(+)-MS analysis. These solutions were then injected at a flow rate of 500 nL/min, using the fluid system installed in the Xevo G2 QTof MS panel controlled by the IntelliStart software and MS tune page. All MS spectra were acquired over the m/z 50-2000. MS/MS acquisition was performed using the quadrupole with high discrimination for each m/z of interest. The collision energy was applied to the selected precursor ion and a collision-induced dissociation (CID) at the T-Wave collision cell filled with argon gas was used. 25 eV was applied to the collision cell depending on the precursor ion dissociation characteristics.
MS/MS Analysis
The MS/MS spectra were de-convoluted using MaxEnt 3 software (Waters, Manchester, UK) and then transferred to a PepSeq application into BioLynx software package and a Microsoft Excel file with data up to 120 counts in order to proceed with manual evaluation. The identification of the most common diagnostic peptide fragment ions (a Mass accuracy (ppm) = 1,000,000 × (theoretical mass − measured mass)/theoretical mass MassSeq application and de novo sequencing analysis and interpretation tool of the BioLynx software package was used in order to confirm manual analysis using the following peptide sequencing parameters: m/z tolerance of 0.03 for peptide and fragments and intensity threshold of 0.003%.
Results and Discussion
The mass spectrometric analysis of the fourth chromatographic fraction reveals a high intensity doubly protonated ion peak at m/z 692.8732 [M + 2H]
2+
. The ion was selected and submitted to collision-induced dissociation (CID) with argon gas resulting in a mass spectrum (Figure 1 (Tables 1 and 2 ) [8] . The analysis revealed a 12 residue proline-rich peptide (Pyr-Lys-Trp-Pro-Arg-Pro-Gly-Pro-Glu-Ile/Leu-Pro-Pro) with a conserved consecutive two proline residues at the C-terminal region, a characteristic of the BPP family of ACE inhibitors [6, 7] , and a N-terminal pyroglutamic acid (Pyr), which could be derived from glutamine or glutamic acid residues, as observed in other currently described snake venom BPPs from Bothrops species. The measured peptide monoisotopic mass (1384.7386) and theoretical (1384.7378) was very similar, showing a mass accuracy of 0.6 ppm, which was also observed for the identified diagnostic fragment ions (Tables 1 and 2 ), thus showing the high precision of the analysis. Sequence similarity showed that the peptide is homologous to other BPP described for B. moojeni venom [6] and similar to others from Bothrops neuwiedi [1, 9] , B. leucurus, B. erythromelas, B. alternatus [10] , B. insularis [1, 10, 11] , B. jararaca [12, 13] , B. jararacussu [1, 10, 14] , B. cotiara [13] , and B. fonsecai [13] (Table 3) . This peptide was named as Bradykinin-potentiating peptide BAX12. 
Conclusions
Recent papers on venomics [15] , proteome [16] and transcriptome [17] of B. atrox snake have shown an absence of BPP structures. However, only a single cluster that matched a 5' untranslated region of a BPP mRNA from B. jararacussu snake was found [11] . The BAX12 is the first peptide belonging to the BPP family of ACE inhibitor described for Bothrops atrox. The complete homology between BPP-BAX12 from Bothrops moojeni [6] and others BPPs could provide interesting information regarding the evolutionary relationship between Bothrops snake species.
